The epidemic phenomenon leading to a progressive increase in benzodiazepine prescriptions represents a challenge for healthcare systems. In the hospital setting, indicators of prescription variation and potential of overuse are lacking and are rarely monitored. Inter-hospital monitoring/benchmarking, via peer-pressure, can foster the motivation to change. The aim of this investigation was to analyse whether, the reduction in new benzodiazepine prescriptions obtained thanks to a Choosing Wisely campaign, also contributed to reducing inter-hospital variation.
tigate the impact of the intervention a segmented regression analysis of interrupted time series was performed.
Results: A total of 36 299 admissions over 42 months were analysed (1 July 2014 to 31 December 2017) . Before the intervention a significant constant upward trend in inter-hospital variability was found (+0.901; SE 0.441; P < .05). After the intervention, the variance trend line significantly changed, decreasing by −0.257 (SE 0.005: P < .001) and producing by December 2017, a 27% absolute reduction.
Conclusions: Thanks to a multimodal approach based on monitoring-benchmarking, a significant reduction in inter-hospital benzodiazepine prescription variation was obtained. Aligning to peer strategy is a spontaneous consequence of open benchmarking that can be used to convert a variation-based suspicion of overuse, into an occasion to actively review prescription habits.
| BACKG ROU N D
With the aim of improving the quality of care, healthcare systems increase their efforts in reducing variations in diagnostic and therapeutic prescriptions. 1, 2 Large variations in healthcare delivery could in fact lead to worse patient outcomes and to unfavourable economic consequences. 3, 4 Traditionally, unwarranted variations were analysed to explore the magnitude of underuse, 5, 6 however, in recent years, mainly in western countries, a widespread, pervasive and latent phenomenon represented by overuse of medical treatments has come to light. 7, 8 Unnecessary care is not only an economic waste; it could lead to significant harmful consequences for patients. 9 Nevertheless, most interventions have been targeted at reducing underuse rather than overuse. 10 In the hospital setting, however, indicators of variation in overuse are often lacking and rarely monitored in a sustained way by healthcare providers.
In our hospital network, called "Ente Ospedaliero Cantonale" (EOC), composed of five teaching hospitals in the south of Switzerland, we successfully experimented an integrated, multilevel approach aimed at curbing the in-hospital prescription of drugs known to be over-used [(ie benzodiazepines (BZD), 11 and proton pump inhibitors (PPI)] 12 and to reduce inappropriate laboratory blood testing during the hospital stay. 13 A fundamental underlying issue was discussed during the implementation of our experimental strategy: would the intervention reduce drug and blood test prescriptions in the hospitals of the network in an independent way, or rather produce a levelling in the prescription rate, expressed mainly by a reduction in variation? The first hypothesis suggests the absence of an ideal prescription rate of the drug under study and/or an important overuse, whereas the second one could suggest the contrary, or the presence of a peer effect generated by the psychological pressure to be observed and judged by colleagues (called "peer-pressure").
Reducing the inter-providers variation in drug prescriptions could help in improving, patients' care experience and clinical outcomes, and in reducing healthcare costs. 14, 15 Unwarranted variations in prescriptions could be the result of different individual strategies but also of acquired habits. To inform individuals, thanks to benchmarking, about their prescription attitude is essential to generate awareness and promote change. 16 A better understanding of the underlying components determining variation is useful also for the healthcare institutions and for health systems in order to promote initiatives aimed at improving the quality and appropriateness of care at the network level. Causes of variation can be recognised at different levels and include: individual peculiarities in providers' attitudes, inhomogeneous consistency and knowledge of best practices, individual culture, patient preferences. 17, 18 Individual differences in prescription strategies will then translate into between-service and between-hospital differences.
This means that in the end patients will experience different clinical outcomes depending on the hospital mix of providers' attitudes.
No previous studies investigated the impact, on between-hospital variations, of an intervention targeted at curbing the over-prescription of individual drugs. Hence, in the present analysis we primarily aimed to explore the effect on inter-hospital variation of BZD prescriptions, of a strategy based on peer-pressure, carried out with an open monitoring-benchmarking web-based computer tool.
Secondly, we strove to elucidate the hospitals' interdependency, analysing the impact on the network of changes registered at the hospital level.
| ME THODS

| Design, setting, intervention
Secondary analysis of a multicentre longitudinal, before and after study conducted in a network of five teaching hospitals in Switzerland, 11 aimed at exploring the effect of an intervention based on education and peer-pressure, on between hospital variations of benzodiazepine prescription rate.
Five teaching hospitals (H1-H5), belonging to a public network, sharing the same internal guidelines and IT platform were involved. standard hospital monitoring and did not contain patient information. The study was reviewed by the Swiss Ethics Committee, which confirmed that, involving anonymous secondary data only, it was exempt from institutional board approval. 19 The original intervention, demonstrating a significant reduction in in-hospital benzodiazepine, PPI and blood test prescriptions, started in January 2016 and was widely described elsewhere. [11] [12] [13] Briefly, the strategy proposed consisted in educational interventions (targeted meetings, audit and feedback) combined with an open monitoring and benchmarking, called "Reporting Wisely", of new BZD prescriptions at hospital discharge. The web-based system used for the monitoring, was able to provide the physicians' and nurses' staff, a continuously updated benchmarking (with trend lines and histograms) up to the network level, on BZD prescription rates.
The web interface appeared to be user-friendly and was exploited during ad hoc educational meetings, to promote discussions on individual prescription attitudes, to define critical points and to target following interventions.
The present analysis was aimed at exploring the specific effect of the applied strategy on inter-hospital benzodiazepine prescription variation.
| Statistical analysis
In primary analysis, descriptive statistics were used to evaluate characteristics of the hospitals during the study period, using the median and interquartile range (IQR) or frequencies and percentages (%), as appropriate.
In order to investigate the inter-hospital variation in new BZD prescriptions, we preliminarily generated funnel plots. They allow to produce control charts in which the outcome of interest is plotted against a measure of its precision. Each funnel plot provides a graphical representation of variations in the outcome (new BZD prescription rate, y-axis) as a function of the number of patients, admitted quarterly in the hospitals network (x-axis) during the study years.
On the x-axis, only patients admitted without an on-going BZD prescription were considered. We then examined the variation across the hospitals network in the preintervention (years 2014-2015) and intervention (2016-2017) periods, separately. Confidence intervals for the funnel plots were calculated on the basis of a Wilson binomial formula. Limits of 95% and 80% were chosen to represent the expected variation in the data.
To explore the effect of the intervention in reducing the inter-hospital prescription rate variation, a segmented regression analysis of interrupted time series was performed. The variation in the prescription rate per hospital was assessed by calculating the inter-hospital variance (σ2-BZD) for each of the quarters considered.
To determine whether specific adjustments were required, partial autocorrelation functions were analysed. The serial autocorrelation in the regression models was tested using the R's GLS function from the NLME package in the fitted segmented regression. For the time-series regression model, we calculated: (a) the β0 coefficient, which estimates the inter-hospital prescription rate variation at the beginning of the observation; (b) the β1 coefficient, which estimates the baseline inter-hospital trend; (c) the β2 coefficient, which estimates the change in inter-hospital variation during the intervention, and (d) the β3 coefficient, which represents the change in the slope of the trend of inter-hospital BZD prescription variability after the start of the intervention. In all models, the 95% standard errors and associated P-values were also shown.
In order to investigate the interdependence in the between hospital prescription rate, we used a vector autoregressive (VAR) modelling.
VAR modelling allows for inspecting the interaction between hospitals as a function of the time in a multivariate system, in which each variable is regressed on all variables at the previous time point.
This analysis detects the temporal dynamics of a system of related variables as a function of time and can help in investigating causal relationships between mutual prescription changes. VAR modelling assumes a specified lag structure, and the Schwarz Bayesian information criterion (SBIC), the Hannan-Quinn information criterion (HQIC) the Akaike information criterion, and the forecast prediction error (FPE) statistics were used to determine the optimal number of lags to include. After building the VAR models, we used the SBIC, HQIC and FPE, to determine the choice between competing models.
In order to inspect the model's dynamic behaviour of interdependencies across hospitals over time, orthogonalised impulse response functions were used.
All analyses were performed using r Statistical Software (www.r-proje ct.org, version 3.2.0). Statistical significance for all outcomes was set at P ≤ .05.
| RE SULTS
| Characteristics of the study population and variation in benzodiazepine prescriptions across hospitals
Demographic and clinical characteristics of the study population in the periods before (years 2014-2015) and after (2016-2017) the intervention are shown in Table 1 . A total of 36 299 hospital admissions were analysed. The hospitals of the network showed similar characteristics for respectively, gender and age of the patients, and CM. New BZD prescription rates and inter-hospital variances (σ2-BZD), before and after the intervention were 7.1% vs 5.7%. and 0.005 vs. 0.002. Figure 1A,B ). The number of patients admitted in the hospital network, without an on-going BZD prescription, ranged from 1067 to 2391 in the non-intervention period and from 1397 to 3116 in the intervention period.
Overall mean new BZD prescriptions/admissions was 6.1%
(range 5%-9% in the non intervention period, and 3%-8% in the intervention period).
Before the intervention most of the new BZD prescriptions of three of the five hospitals of the network were over the mean, with 30% new BZDs presciption over the 95% confidence limit.
After the intervention only one hospital presents more then 50% of new BZD prescriptions up the mean and overall 10% of new BZD prescritions were in the 95% confidence limit.
In total, before the intervention 70% of new BZDs prescriptions fell in the the 95% and 80% control limits vs 90% after the intervention.
Overall the mean inter-hospitals reduction in BZDs prescriptions were significantly reduced after the intervention: −2% (0.2%-3%; P < .03). 
| Time-trend analysis of the inter-hospital variability of the new BZD prescription rate
| Inter-hospital mutual influence on prescription variation
The inter-hospital mutual influence on prescription variation was assessed using VAR models. A graphical representation of the impact of a change in new BZD prescription rates in one of the hospitals on the Inter-hospital variance of BZD prescriptions (σ2-BZD) 0.005 0.002
Note: Data are expressed as median, interquartile range (Q1-Q3) or as absolute (n) and relative (%) frequencies.
Abbreviation: BZD, benzodiazepines.
F I G U R E 1
Between hospital variability in benzodiazepine prescriptions by study period. In these funnel plots, variability in benzodiazepine prescriptions/hospital admissions (y-axes) is plotted against total hospital admissions (x-axes). Each spot represents an individual hospital of the network (H1, H2, H3, H4, H5). Plots inspect the across hospital variability before (A, years 2014-2015) and after the intervention (B, years 2016-2017). New benzodiazepine prescriptions/hospital admissions (horizontal dashed red lines) with the 80 (solid yellow lines) and 95% confidence intervals (blue solid lines) are shown others, over a period of 10 trimesters, is provided ( Figure 3) . In order to show the results in the easiest comprehensible way, we present the effect of a 1% change in the prescription rate ( Figure 3 and Table S1 ).
Trends suggestive of mutual influence can be easily recognised; significant results however, were seen only between hospitals H2 and H4 (0.7%; 95% CI 0.0 to −1.1%), and H5 and H1 (0.8%; 95% CI 0.0-1.2%).
| D ISCUSS I ON
Between physicians/healthcare-institutions, practice variations are widely recognised as a marker of potential overuse/overtreatment. 20 Even if numerous studies targeted to waste in healthcare have been published in recent years, [11] [12] [13] interventions aiming at reducing variation in treatments and diagnostic procedures, are lacking. 21 One of the reasons is that an intervention can be promoted at the service or hospital level following the temporal trend of the targeted prescription behaviour; while investigating the impact on variation implies to act at the network level analysing and benchmarking before and after data. Interventions at the network level can be performed collecting data manually or, if the network has a common IT platform like ours, directly extracting data.
We implemented a software able not only to continuously collect data, but also to benchmark and report results of drug and laboratory test prescriptions to clinicians. We decided therefore to perform a secondary analysis of a previous before and after study performed at the network level and targeted to reduce new in-hospital benzodiazepine prescriptions, aimed at evaluating the impact of the intervention on inter-hospital variation. 11
Over a period of three and half years, we succeeded in a significant absolute 27% reduction of between-hospital variability in BZD prescriptions. We can obviously not calculate in the context of a multifaceted intervention the impact of each individual measure;
we believe however that the use of a "comparative variation data tool", did significantly contribute in changing the prescription habits of clinicians and in minimising overuse.
These results are even more of interest because benzodiazepine overuse represents an epidemic phenomenon worldwide. A and Development (OECD) in 2015, showed that in OECD countries, excluding Switzerland, on average 2.5% of the adults are chronic BZD users, while 6.4% of older adults have received at least one BZD prescription within 1 year. In the same survey, moreover, a large variability among countries in the rate of patients older than 65 years treated with BZD was found, ranging from 1% to 20%. 22 Recent data estimate that among the general Swiss population older than 15 years, 7.5% are using BZDs, with the highest consumption rate in women older than 70 years. 23 A report of a Swiss health insurance company published in 2017, documented that psycholeptics represent, leading drugs in Switzerland, accounting, along with painkillers, anti-inflammatory and anti-rheumatic drugs, for one fifth of the totality of drugs prescribed, with higher rates in elderly homes. 24 Furthermore, a national pharmacy survey showed in 2007 a 1-year prevalence in BZD prescriptions of 14.5%, with 56% of patients receiving a long-term therapy. 25 This meaning that, data on BZD prescriptions in Switzerland shows rates in the upper distribution compared with other countries. [26] [27] [28] [29] As far as prescription trends over years, alarming data about BZD consumption and mortality related to BZD overdose in the United
States were recently published. To note BZD and opioids and other sedative co-prescriptions, quadrupled and respectively doubled between 2003 and 2015. 29 The large variation in BZD consumption among regions and countries could be explained by specific treatment guidelines as well as prescribing and reimbursement policies, by differences in the prevalence of diseases and by cultural phenomena. In Switzerland BZDs can be dispensed under medical order only and prescribing is regulated at the legislative level, with a specific federal law, which indicates the terms of narcotic and psychotropic substance prescription. 30 Prescriptions of drugs can be repeatable or not, and for drugs for which repeatability apply, the maximum duration is 6 months.
Furthermore, it is a specific task of the pharmacist to verify that the dosage ordered by the physician matches the number of boxes of the drug collected by the patient.
Compared with existing work on prescribing variation, this study provides a unique example for several aspects. Previous studies investigated variation mainly in a static way or outside the context of a clinical study, and in ours, we examined the impact of an intervention at the network level.
Even examining two previous studies about drug prescription adequacy with variation analysis, the first one focused on opioids and the second one on antibiotics, the impact on variability shown in our data stands out. [31] [32] [33] We can hypothesise that the greater reduction in variation in our study could be the consequence of several intrinsic aspects of our intervention.
First, the medication to which the intervention was directed;
benzodiazepines, is a class of drugs for which not only the misuse of prescription guidelines is implicated, but also a vicious circle in which an unsuccessful shared decision process and health advocacy intervenes (renew of prescriptions on the basis of a postulated patient dependence, lack of offer of alternative therapies for the treatment of insomnia, failure to educate patients about the risks of the medication). 34 In accordance with the principles of the "Choosing Wisely" campaign, our goal was also the improvement of the Moreover, our study highlighted the important effect of the peer-to-peer comparison on prescription habits.
Other studies, previously, investigated the role of a constant comparison between peers on prescriptions, as an efficacy nonfinancial strategy to improve mainly guideline compliance and underuse. 35 It is however, the first time that this aspect is evaluated during a medication prescription overuse targeted intervention in a network of hospitals. Peer-to-peer discussions on one's prescription behaviour, in a formally non-judgmental setting, can help in recognising the harmful consequences of one's attitudes and habits, and the need to promote a cultural change between providers and patients.
The setting of the study with hospitals sharing the same internal guidelines, allowed us to explore, along with the evolution of the variance, using a dynamic interdependency model, the influence on the other hospitals of changes in the prescription pattern that took place in one of them.
Although marginally significant, interdependency among the hospitals of the network was seen. In particular, a fluctuation in BZD prescriptions in the hospital H2 and H5 did translate in similar trends in the hospitals H4 and H1, respectively. In which way and whether the mutual influence can positively impact on the prescription habits can however not be stated on the basis of the present data. We have however to acknowledge some limitations of our study; the fact that the observation results from a secondary analysis and the impossibility of evaluating individual healthcare provider factors.
Furthermore, the study was a non-randomised interventional one, without a control group. Last but not least, even if a general feeling of appreciation of the intervention emerged from healthcare providers involved, we have to acknowledge that the present study is limited by the lack of a systematic process of collection of qualitative information on how clinicians perceived the pro-active involvement in the education, monitoring and benchmarking processes.
In the context, a longitudinal study aiming at directly establishing the relationship between peer-pressure and reduction of BZD variability is needed.
In conclusion, through a multi-level strategy based on peer-pressure and educational interventions, we obtained a reduction in variation in new benzodiazepine prescriptions in a network of teaching hospitals.
We believe that a similar strategy could contribute to reducing variation and overuse and to promoting best care practices, also in other areas.
D ECL A R ATI O N O F I NTER E S T
The authors have no other relevant affiliations or financial involvement with any organisation or entity with a financial interest in, or financial conflict, with the subject matter or materials discussed in the manuscript.
E TH I C S A PPROVA L
The study was reviewed by the Swiss Ethics Committee, which confirmed that, involving anonymous secondary data only, it was exempt from institutional board approval.
